The influence of maximal exercise testing on state anxiety was examined in three separate studies. Highly trained male distance runners (Study 1, n = 12) as well as college students with average (Study 2, n = 16) and below average (Study 3, n = 32) physical fitness levels completed graded maximal exercise tests. This last group was also randomly assigned to either a control or an 8 week training programme in order to determine the effect of increased fitness on the psychological responses to maximal exercise testing. Physical fitness was determined by the measurement of maximal oxygen uptake. State anxiety (State-Trait Anxiety Inventory) was assessed before and from 2-15 min following exercise. It was found that the state anxiety responses to maximal exercise testing were not influenced by re-testing or by 8 weeks of endurance training. Across the three study groups, the anxiety response was variable during the first 5 min following exercise testing; increases, decreases and no changes in anxiety were observed when compared to pre-exercise levels. The anxiety response to maximal exercise appeared to be dependent on the pre-exercise anxiety levels as well as the timing of the post-exercise assessments. It is concluded that maximal exercise testing can be associated with negative mood shifts during the first 5 min after exercise; however, this response is transitory and followed by positive mood shifts 10-15 min following such tests.
Physiological responses to maximal exercise tests have been extensively described'; however, little is known about the psychological aspects of these procedures. Given the widespread use of maximal exercise testing in a variety of medical and health settings there is a need for additional empirical data concerning the psychological aspects of maximal exercise tests. Only a few investigators have examined psychological responses to maximal exercise testing. One report involved 28 adult males who performed both a walking and a running maximal exercise teste. It was found that during and immediately following maximal treadmill exercise, anxiety was significantly increased compared to pre-exercise levels. This anxiety increase was followed by a subsequent return to pre-exercise levels within 5 min post-exercise. In a separate investigation, anxiety, depression and hostility levels were examined in nine adult males immediately before and 5 min following a maximal bicycle ergometry test3. It was found that none of the three psychometric variables assessed was affected by the exercise. 
Procedure
Maximal exercise tests Different testing protocols were used in the three studies because each investigation had a separate primary purpose which was unrelated to the maximal exercise testing. Nevertheless, all the maximal exercise tests followed established exercise testing guidelines5. Heart rate was monitored continuously during the exercise tests using either a 3-lead EKG system or a Quantum XL heart rate monitoring system which uses telemetry to transmit the heart rate from two chest electrodes to a small microcomputer worn at the wrist. Expired gases were monitored using an on-line open spirometry system. Oxygen uptake (Vo2), CO2 production, and ventilatory volume were assessed continuously during exercise.
Every subject performed a maximal exercise test as operationally defined by the achievement of at least two of the following three criteria: (1) a levelling off of Vo2 with increasing work (i.e. maximal oxygen uptake [Vo2maxj); (2) a heart rate within 10 beats of the subject's age-predicted maximal heart rate (i.e. 220 minus age); or (3) a maximal perceived exertion level. Ratings Figure 1 . Repeated measures MANOVA revealed a statistically significant effect across the three trials, F(1,9) = 8.6, P < 0.004. Post hoc probes indicated that state anxiety was reduced at both 2 and 10 min post-exercise compared to the pre-exercise value. There was, however, no significant difference between the two post-exercise values. The effect size of the anxiety reduction was 0.68 at 2-min and 0.98 at 10-min post-exercise. pre-exercise anxiety score across the four trials was approximately 0.5 s.d. below the published norms. These relatively low initial values may have limited the possibility for significant post-exercise reductions in state anxiety. In contrast, the mean pre-exercise state anxiety value in Study 2 (19.4) was 0.25 s.d. above the reported norms (17.9(5.9)) for college aged males9. Since the items which constitute the 10-item scale used in Study 2 represent a split-half form of the 20-item STAI used in Study 1, the full scale scores can be approximated by doubling the 10-item scores. When this was done, the mean full scale pre-exercise state anxiety value was estimated at 38.8. Thus, the participants in Study 2 possessed pre-exercise anxiety estimated to be higher than that for the subjects in Study 1 (M = 31.4).
Since one suggestion from these findings was that pre-exercise anxiety levels may influence whether anxiety reductions occur following exercise, correlations were computed between the pre-exercise anxiety values and the change in anxiety with exercise. It was found that the change in anxiety at 10 min post-exercise was significantly correlated (r = 0.65) with pre-exercise anxiety levels. The correlations at the 2min post-exercise period ( 
The control subjects participated in pre-and posttesting sessions only. The experimental subjects completed a total of 40 min of supervised cycle ergometry (COMBI ergometers), 30 min of which was at an intensity equal to 60-85% of their heart rate reserve (5-min warm-up and cool down), 3 days per week for a total of 8 weeks. When a subject missed an exercise session, the individual was contacted and the session was made up. Thus, all subjects completed a total of 24 exercise sessions. Training of this nature in sedentary individuals has previously been shown to result in an increase in fitness of approximately 10%14.
Since the endurance training was performed on bicycle ergometers, the maximal exercise testing involved progressive cycle ergometry. The subjects pedalled at 60 rpm at an initial power output of 100 W for the males and 50W for the females. Every 2 min the resistance was increased by 50W for the males and 25W for the females until the subjects could no longer continue. State anxiety assessments were made 15 min before as well as 5 and 15 min following exercise.
Results
The VO2max values confirmed the low-fit nature of the subjects who participated in this study. At the pre-test the females in the experimental group were characterized by a mean(s.d.) VO2max of 27.4(3.6) ml kg-' min-', and the corresponding values for the males were 32.0(6.2). These averages did not differ (P > 0.05) from corresponding values for the controls, and both females and males were more than 2 s.d. below the estimated population average for college students'. Repeated measures MANOVA revealed non-significant main effects (i.e. Group = experimentals and controls; Trials = pre-and post-training) for VO2max. The Group X Trial interaction for VO2max revealed an F value (2, 59) The descriptive data for state anxiety for the resultant experimental and control groups are presented in Table 2 These studies were conducted with young, nonanxious adults for whom maximal exercise tests were not contraindicated, and the findings may not generalize to special populations for whom maximal exercise testing is difficult or poses potential physical risks (e.g. children, elderly, cardiac patients). Nevertheless, it is concluded that maximal exercise testing can be associated with negative mood shifts during the first 5 min after exercise, however, this response is transitory and followed by positive mood shifts 10-20 min following such tests.
